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A method to genetically modify mammalian cells to render fbem less susceptible to an inflammatory or immunological stimulus. 
portiGularly to alleviate thromlwgenicity in endothelial cells subject to inftanunatoiy or immune activation, is described, comprising 
gp n erical ly modifying die cells by insening dierein DNA encoding dirorolxxnodulin and thereby expressing functional t hro mbomodulin 
from these c^ under cellular activating conditions. The method, which can be canied out either in Wvo or in vitro (ex Wvo). Is indicated 
for use hi tiansplantation as well as to treat systemfc or local Inflammatoiy condhioiis diancterized by thromlmsis. 
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GENE THERAPY FOR TRANSPLANTATION 
AND INFLAMMATORY OR THROMBOTIC CONDITIONS 

Fitld Qf thg InYcntlffn 

The invention provides improvements in the field of gene therapy for transplantation 
and inflanunatoiy and thrombotic conditions. In particular, it is concerned with genetic 
modification endothelial cells to render them less susceptible to an inflammatory or 
iimnunological stimulus. It is also concerned with transplantation of genetically modified 
tissues or organs and most particularly is directed to a method of transplanting genetically 
modified endothelial cells or tissue or cvgans into a mamrrudian recipient of the same or 
different species* recombinant vectors for accomplishing same, and the cells, tissue or 
oigans. as well as non-human transgenic anunals, so nKxlified. 

Background of th^ inv^ntlftn 

The endothelium consists of the laiyer of cells whidi foriii the lining of blood vessels, 
e.g. arteries, veins and capillaries. While the endodielium (also referred to as "vascular 
endothelium**) was once thought to serve merdy as a passive conduit for the blood and 
blood semm, it is now recognized that the condition of the endothdial tissue is critical for 
maintaining the nwmal anti-coag;ulat0ry state of circulating blood. In particular, the 
thrombcmKKiulin (TM) protein which is roanufiictured by endodieliai cells and is distributed 
as a surface glycoprotein througliout the endothelium of arteries, veins and capillaries, 
constitutes a multifunctional antt-coagulant molecule which is pivotal in the 
well-characterized Protein C coagulation pathway. In this pathway, thrombomodulin 
functions as a binding receptor of circulating thrombin, removing dirombin from circulation 
and thereby precluding it from, among other functions, clotting fibrinogen or activating 
platelets. Most importantly, once bound by thrombomodulin, the thrombin binds up 
circulating, inactive Protein C, which is thus converted to the activated form. The acdon of 
activated Protein C on still other co-factors of the coagulant pathway, i.e Protein S, 
ultimately assists in maintaining an anti-coagulatory steady-state. 
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In response to injuiy» inflammation or immunologic challenge, such as occuiring in 
connection with allogeneic or xeno^neic transplantation of tissues or organs* as well as 
other inflammatory conditions such as various autoimmune diseases or sepsis, the 
endothelium is changed to a dysfunctional or "activated" pro-coagulatoiy state. An aspect 
of this conversion occurring in the presence of cytokines such as tumor necrosis factor 
(TNF or TNFa), is the loss or consumption of thrombomodulin from the endothelial cell 
surface. This reduction in thrombomodulin has been ascribed to downregulation at the 
transcriptional level [Yu et al., J BioK Chem. 2661 (1992) 23237-23247]. 

Thus, inflammatory or inmiunologic challenge, such as accompanies transplanution of 
tissues or organs, presents a significant threat of microvascular thrombosis, i.e. pathological 
clotting of the blood in the microvasculature of the endothelium, where thrombomodulin is 
ordinarily most active, and inflammation. 

For the above reasons, in connection with implantable synthetic materials such as 
prosthetic arterial grafts, Ito and co-woikcr, for example, have used thrombomodulin protein 
as an adherent surface coating (USP 5'126'140). However, this approach has limited 
usefulness where live grafts arc concerned. 

The problem of endothelial cell dysfunction or **activation" in the organ transplant 
setting has been addressed largely by efforts to disable the host immunological response, 
such as with cytcrtoxic dmgs, anti-metabolites« corticosteroids, non-specific 
immunosuppressants such as cyclosporine A, and the like. 

There exists a critical need for a method to alleviate thrombogenicity accompanying 
activation of endothelial cells, and in particular, to prolong organ transplant survival, while 
minimizing toxicity and other adverse effects associated with large doses of 
inuminosuppressants. 
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The invention utilizes gene therapy techniques to alleviate the thrombogenicity (i.e. 
the tendency to promote blood clotting) of vascular endothelial cells susceptible to an 
infiammatoiy or immunological stimulus. 

Endothelial cells have been modified by tendering them citable of expressing 
functional thrombomodulin on a regulable or constitutive basis* whereby thrombomodulin 1 
expression is maintained even in the presence of endothelial cell activating factors. By 
"functional** is meant that the expressed thrombomodulin protein of said endothelial cell can j 
bind thrombin in the cellular environment (for example, in the presence of blood of a graft \ 
recipient)* and that the thrombomodulin-thrombin complex thus fomied can catalyze the 
activation of zymogen (i.e. inactive) protein C to provide activated protein C. By 
''regulable" is meant that protein expression* whether increased or decreased, is dependent 
on the presence of. or addition of* a given substance. The term "regulable expression" 
includes "inducible expression"* whereby gene expression is increased by addition of a 
stimulus. By "constioitive" is meant that protein expression is essentially independent of 
endothelial cell activation. Thus, constitutive expression of thrombomodulin by an 
endothelial cell is substantially free of down-regulation by TNFa or other activating faciois. 
Likewise* a constitutive promoter of thrombomodulin is capable of directing transcription of 

the gene even in the presence of senim down-regulatoiy factors such as TNF. 

I 
I 

Accordingly* the invention concerns a method of.genetically modifying mammalian* j 
preferably endothelial cells to render them less susceptible to an inflanmiatoiy or f 
imnninological stunuhis, inefierably by insetting into these cells, or the (nogenitors of these 
cells, DNA encoding functional thrombtmiodulin proton in operative association witii a I 
suitable promoter* whereby thrombomodulin is expressed under endothelial cellular t 
activating conditions. i 

I 

The invention also comprises a method of inhibiting thrombosis in a mammalian 
subject susceptible to an inflanunatory or imnnme stinuilus whibh comprises inserting into | 
cells, tissue or an organ of the subject, DNA encoding thrombomodulin in operative 1 
association with a promoter, wherel^ functional thrombomodulin is expressed from diese I 
modified cells in the presence of cellular activating factms. ' 
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Preferably the cells or tissue are mcxlified in vivo. i.e. while remaining in the body of 
the patient. Alternatively, cells or tissue may be extracted from the subject and transferred 
to in vitro culture, where ftey are genetically modified by insertion of DNA as described 
herein, and then grafted into the subject or a different recipient. The subject is a venebrate, 
in particular a mammal, such as a pig, but may also be a primate, and in particular* a 
human. Such a therapy will be useful to relieve inflammatoiy conditions or immune 
ccmditions, such as autounmune diseases, in a patient, especially where the patient is a 
human. 

In a further aspect the invention comprises a method of transplanting donor allogeneic 
or xenogeneic endothelial cells, or tissue or organs containing endothelial cells to a 
manunalian recipient in whom such cells, tissue or orgm are subjea to inflammatoiy or 
inunune activation, which comprises: 

(a) genetically modifying these donor cells or progenitor cells thereof or tissue or organ by 
inserting therein DNA encoding thrombomodulin under the control of a promoter* 

(b) implanting the resultant modified donor cells, tissue or cngan into the recipient; and 

(c) allowing expression from the resultant modified cells,, tissue or organ of functionally 
active thromboiiKxiulin. 

Steps (a) and (b) may be carried out in either ordiert that is, the donor allogeneic or 
xenogeneic cells, tissue or organ may be modified or genetically engineered (e.g., by 
transfection, transduction, transformation or the like) prior to, or alternatively after, 
implantation into the recipient. 

The promoter may be either constimtive or regulable, e.g. inducible. 

For example, endothelial cells or tissue recruited from a pig may be genetically 
modified in vivo by insertion of DNA encoding himian thmnbcmiodulin under the control 
of a suitable promoter, and die modified cells or tissue. Iwving been rendered "transgenic" 
thereby if modification has occurred in die germ line cm- alternatively, somatic recombinants 
if modification has occurred in the somatic cells, are then grafted into the recipient, e.g. a 
human. Once transplanted, the modified cells or tissue will express functional human 
thrombonKxfailin at the graft site, even in the presence of odiefwise downregulatoiy factors 
such as TNF. Genetic modification of the donor mannml can be carried out at an 
embrymic stage, by well-known techniques, so as to produce a transgenic or somatic 
recombinant animal expressing the desired recipient fniotein. The donor, e.g. pig endothelial 
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cells or tissue can also be genetically modified by ex vivo means, whereby cells, (issues or 
organs extracted from the donor and maintained in culture are genetically modified as 
described above, and then transplanted to the recipient, where the graft can then express the 
desired functional recipient thrombomodulin substantially free of down-regulation in the 
presence of endothelial cell activating factors. 

It is preferable that the genetic modification be done in vivo rather than in vitro (i.e. 
ex vivo^. The preferred in vivo method is by raising up of a transgenic mammal, e.g. a pig, 
to be used as a source of donor cells, tissues and organs expressing the desired funcdonal 
protein. 

Particularly suitable promoters and vector constructs have been identified with which 
to modify endothelial cells or tissues, and in particular porcine endothelial cells [e.g. porcine 
aortic endothelial cells (PAEC) or porcine microvascular endothelial cells in general], so as 
to render them constitutive or regulable expressers of functional thrombomodulin. 

In this regard, in one embodiment, a construct is described hereafter which comprises 
the thrombcMnodulin DNA in operative association with the Herpes simplex thymidine 
Idnase (tk) promoter. 

A retroviral constnict is further utilized which comprises: 

(a) a S'-long terminal repeat (LTR) of a retrovirus such as Moloney murine leukemia virus 
(Mo-Mu-LV)); 

(b) a retroviral packaging signal such as H', downstream from diie LTR; 

(c) DNA encoding thrombomodulin in operative association with the Herpes simplex 
thymidine kinase promoter downstream from the LTR; and 

(d) a 3 -long terminal repeat. 

The vector may also comprise at least a portion of the retroviral gag ccxiing region 
(e.g. about 400 nucleotides thereof), generally downstream from the packaging signal 
sequence, i.e. normally y. The 3'-LTR alsp prefiecably includes a polyadenylation sequence. 
Preferably, a selectable marker such as the neo gene, conferring resistance to neomycin or 
an analog thereof, may be placed under the control of the S -LTR, generally downstream of 
the packaging signal sequence. An example of such a plasmid is pNTK-2.TM.CWl, 
illustrated in FIG. 3. 
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Adenovir&l constnicts may also be utilized, and are prepared e.g. as described | 
hereunder. In particular, perfusion of diseased vessels with an adenoviral construct / 
encoding TM can be effected to introduce the TM into the endothelium in the diseased ' 
vessels. 

According to a further aspect of the invention, there is provided graftable mammalian 
endothelial cells, tissue or organs conqmsing DNA oicoding thrombomodulin under the 
control of a promoter, especially graftable endothelial cells, tissue or organs of a donor 
mammalian species, the cells, tissue or organs being modified to express thrombomodulin of 
a graft recipient species which is the same or a different species as the donor. Expression 
may be constitutive or regulable. 

A further aspect of the invention provides for a non-human transgenic mammal 
comprising DNA encoding thrombomodulin of a different species, particulariy having 
transplantable endothelial cells or tissue modified as described above, and a method of 
preparing a non-human transgenic marmnal comprising DNA encoding thrombomodulin of a 
different species. An exanople of such a manunal is a transgenic mouse expressing human 
TM from its endothelial (or other) cells. A further example is a transgenic pig expressing 
human TM from its endothelial (or other) cells. 

In an illustrative embodiment, the inventim ccmiprises a inetbod of transplanting into 
a human, an organ comprising porcine endothelial cells genetically modified to express 
functional human thrombomodulin. 
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DMcriptioii of thft drawitiff^ 

FIG. 1 Restriction map of plasmid pNTK-2. 

FIG. 2a Schematic view of plasmid pUC19.TM15 encoding human TM. 
FIG. 2b Schematic view of the insert of plasmid pUC19.TM.CWl 

(in FIGS. 2a and 2b« the bold lines indicate plasmid backbone sequences). 
FIG. 3 Schematic view of the expression vector pNTK-2.TM.CWl 
FIG. 4a FACscan analysis of the NTK.TM.CW1 producer cell pool. 
FIG. 4b Bar graph depicting relative expression levels of TM clones (aibitraiy units) from 

limiting dilution of the NTK-2.TM.CW1 producer pool. 
FIG. 5 Northern analysis of NTK.TM.CW1 transduced cells. 
FIG. 6 Nuclease SI analysis of thrombomodulin expression. 

FIG. 7 Illustrated principle of the chromogenic assay for activated Protein C generation. 
FIG. 8 Rate of S-2366 cleavage at 3Tt:: 

dotted squares: untransdiircd PAEC 

lozenges: NTK-2.TM.CWI transduced and selected PAEC 

dark squares: EAhy926 cell line. 

FIG. 9 Bar gn^ illustrating activity of thrombraiodulin, as.^reflected by maxima] rate of 
activated Protein C ( APC) production, following treatment of cells with TNF. 

FIG. 10 TM.CW1 comprising the native human thrombomodulin cDNA sequence 
(SEQ ID No.l) and NTK-2.TM.CW1 restriction analysis. 
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"Graft-, "transplant** or "implant** arc used interchangeably to refer to biological 

material derived from a donor for transplantation into a recipient* and to the act of 
placing such biological material in the recipient 

"Host" or "recipient" refers to the body of the patient in whom donor biological 
material is grafted. 

"Transgenic" refers to animals bearing foreign genes, independendy of whether the gene is 
in the germ line or in the somatic cells. 

"Allogeneic" (and "allograft") refer to the donor and recipient being of the same 

species. As a subset thereof, "syngeneic" refers to the condition wherein donor and 
recipient are genedcally identical. ** Autologous" refers to donor and recipient being 
the same individual. "Xenogeneic" (and "xenograft") refer to the condition where the 
graft donor and recipient are of different species. 

"Mo-Mu-LTR": Moloney Murine Leukemia Virus long terminal repeat DNA sequence. 

"polyA": DNA sequence encoding a polyadenylation signal. 

"neo": the gene encoding neomycin phosphotransferase, which confers resistance to 

necmiycin or neornycin analogs such as G418, which are toxic to most 
eukaiyotic and other host cells. 

"promoter" a DNA sequence that directs transcription of DNA into RNA. 

"tk" Herpes Simplex thymidine kinase. 

"PAEC** pmcine aoitic endothelial cells. 

"HUVEC" human umbilical vein endothelial cells. 

"EAhy926 HUVEC": immortalized human umbilical endothelial cell line expressing 

human TM constitutively. 
"TNF*: tumor necrosis ftictor. 

Thrombomodulin" (TM) refers to the natural thrombomodulin gene (including 

the cDNA thereof) or protein, and include derivatives thereof having 
variations in DNA (or amino acid) sequence (such as silent mutations or 
deletions) which do not prejudice the functionality of natural thrombomodulin 
(USP 5'273'962 and USP 5*256*770). 
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The gene encoding native thiombomodidin has been isolated and sequenced from 
several species, both in its generic form and as cDNA. The ccHnplete cDNA sequence for 
human thrombcMnoduIin, derived from human umbilical vein endothelial cells, comprising an 
open reading frame of 1*725 base pairs, encoding a 603 kDa (M, s 60328) protein of 
575 amino acids, is disclosed by Majerus, USP 4*912*207, and is also depicted for 
nucleotide positions 170 to 1*894 in FIG. 10 (SEQ ID No.l) hereof. 

The invention broadly comprises rendering endothelial cells or tissue or organs less 
susceptible to activation or dysfunction in response to an immune challenge, by 
modification of these endothelial cells, tissue or organs by insertion therein of DNA 
encoding thrombomodulin in operative association with an appropriate promoter and 
expressing functional thrombomodulin from these modified cells at effective .levels. 

The promoter may be constitutive or regulable, e.g. operate in appropriately inducible 
manner. In one embodiment the endothelial cells of the invention can express the TM 
protein constitutively, i.e. continuously; thus the TM coding sequence is operably linked to 
a promoter sequence expressing the protein constitutively in said cell. Alternatively, the 
endothelial cells can express thrombomodulin on a regulable, e.g. inducible basis, i.e. the 
TM coding sequence is operably linked to an inducible promoter, such that the protein can 
be expressed immediately before or following endothelial cell activation, or on demand in 
response to a predetermined external stimulus. In a further embodiment, the TM cDNA can 
be operably linked to an endothelial cell specific promoter. All the above promoters are 
preferably other than the promoter which is native to the TM protein encoding DNA 
sequence. 

Thus the invention in one aspect addresses die (tysfuncdooal or activation response of 
vascular endothelial cells ot tissue to an inflammatoiy or immune stinnilus in a patient 
following such modification. It permits inhibition of ttirombosis in a patient in need of such 
therapy following genetic modification of donor endmhelial cells or tissue in vivo or in vitro 
by inserting therein DNA encoding thrombomodulin protein under die control of an 
appropriate, e.g. regulable or constitutive, promoter, grafting of these donor cdls or tissue 
into a recipient* and thereby allowing expression of functional thromb<»nodulin from these 
donor cells or tissue. 
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The'dono'r species may be any suitable species which is the same or different from the 
recipient species and which is able to provide the appropriate endothelial cells, tissue or 
oigans for tnuisplantation or grafting. In a piefeiied embodiment, human TM protein is 
expressed from cells of a different manmialian species, which cells have been placed or 
grafted into a human recipient. For hunum recipients, it is envisaged that pig donors will be 
suitable, but any other mammalian species, e.g. bovine, may be suitable. For example, 
poreine endothelial cells, or the progenitor cells thereof, can be recruited from porcine 
subjects, genetically modified, and implanted into eidier the autologous donor or into . 
another manunalian, e.g. human subject. 

The donor cells or tissue may be transgenic in the sense that they contain and express 
DNA encoding the thrombomodulin protein of a graft recipient species or of a different 
species in whom they are implanted. Such transgenic cells or tissue may continue to 
express dirombomodulin indefinitely for the life of the cell, tissue or organ. 

Modification of endothelial celk according to the invention can be by any of various 
means known to the skilled worker. In vivo direct injection of cells or tissue with DNA 
can be earned out, for exanq>le. Methods of producing transgenic animals are becoming 
more widespread; sqypropriate methods of insetting foreign cells m DNA into animal tissue 
include microinjection, embryonic stem (ES) cell rnanipuljitidnv electropbration, cell gun, 
transfection*k, transduction, retroviral infection, etc. 

Retroviral vectors, and in particular, replication-defective retroviral vectors lacking cme 
or more of the gag, pol, and env sequences required for retroviral replication, are 
well-known to the art atul may be used to transform endothelial cells. PA317 or other 
producer cell lines producing helper-fiee viral vectors are wdldescribed in the literature, e.g. 
in Miller and Buttimore, Mnl Cell. Biol. (1986), 2895-2902; USP 5-219740; 
USP 4'86I719; USP yi24'263; and USP 4"650r764. 

A representative retroviral construct suitable for purposes of the invention conqnises 
at least one viral long terminal repeat and promoter sequence upstream of the nucleotide 
sequence of the thMq)eutic substance, and at least one viral long termirud repeat and 
polyadenylation signal downstream of the therapeutic sequence. It can be, for example, the 
Molmey Murine Leukemia Virus (Mo-Mu-LV)-derived N2 pro-viral vector in which the 
gene of interest is flanked by a 5 - and a 3 - long terminal repeats (LTR's) and a packaging 
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signal sequence downstream of the 5 -LTR. N2 also contains approximately 400 base pairs 
of the gag coding region of Mo-Mu-MLV. Additionally, a large portion of the 
Mo-Mu-MLV coding sequence has been deleted in N2 and replaced with the bacterial 
neomycin-resistance gene (neo) [Eglitis et al., Science 22Q (1985) 1395-1398]. 

Porcine endothelial cells, such as porcine aortic endothelial cells, have been difficult 
to manipulate by typical genetic engineering techniques. Various vector constructs for 
constitutive expression of thrombomodulin in mammalian cells are given below in Table 1. 
It has surprisingly been found that a particular retroviral construct provides superior viral 
tiire as well as protein expression of the transduced thrombomodulin. The exemplifed 
pNTK-2 vector has been found superior to e.g. the other retroviral contructs indicated in 
Table I below for delivering high levels of viral titie and thrombomodulin expression: 



Table 1: 



Vector 


neo resistanee gene driven by: 


cDNA 
driven by 


LXSN . 


SV40 
promoter/enhancer 


S'LTR 


pBC140 


5LTR 


CMV 

promoteiyenhancer 


pCMVLTRtkneo5 


Thymidine 
kinase promoter 


5*LTR 


pNTK-2 


5LTR 


Thymidine 1 
kinase promoter | 



CMV = cytomegalovirus 

LXSN s I/>ng terminal repeat - X (insert) - 2y40 promoter - Neomycin phosphotransferase 

gme 
SV s simian vinis 



As a result of an apparent synergy between the promoter-containing SMong terminal 
repeat sequence of the present pNTK-2 vector and its Herpes simplex tk promoter sfrquencc. 
attractive thrombomodulin expression levels are obtainable from transformed endothelial 
cells. 

Vectms derived from adenoviruses, i^. viruses causing upper respiratory tract disease 
and also present in latent infections in primates* are also generally known and may be used. 
The ability of adenoviruses to attach lo cells at low ambient temperatiues is an advantage in 
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the transplanl setting which can facilitate gene transfer during cold preservation. Adenoviral 
vector constructs can be prepared in various ways to effect expression of throinboinodulin 
protein. In such vectors* the TM gene may be under the control of one or more different 
promcHers. One such promoter is the known CMV promotei/enhancer. 

An adenoviral vector for the delivery of TM into endothelial cells may e.g. be 
constructed as follows: 

(a) A TM transfer vector can comprise the TM gene (e.g. construct TM.CW1 ) downstream 
and under control of the CMV promoter/adiancer with poIyA sequences downstream of 
the gene. Flanking this construct are adenoviral sequences necessary to promote 
recombination with a suitable vector. ¥w example, such sequences may comprise 
about 400 bp of the adenoviral sequence upstream and about 3 kb of the adenoviral 
sequence downstream* which is numbered ^proximately 3000-6000 relative to the 
upstream 400 bp sequence. 

(b) An adenoviral vector construct comprising the adenoviral genome with an insert in the 
El coding region, whereby the insert prevents the plasmid from giving rise to 
background. 

(c) 293 cells are a continuous line deriving from human fetal kidney, containing and 
expressing proteins of the adenoviral El region (i.e. in trans) necessary for replication 
and related functions in an adenovoral vector which lacks this region. For example, 
293 cells can contain and express the adenoviral Ela and Elb proteins needed for 
replication-related fimctioru;. 

The recombination of vector (a) and vectcH* (b) by co-transfecticm into 293 cells results 
in formation of adenoviral particles containing the DNA encoding TM, these particles bdng 
preferably lacking in one or more sequences of the adenoviral region, and thus being 
preferably replication defective. Co-transfectimi is done vAuHic the cells are ov^ayed with 
medium containing 1 % agarose so that the pure recombinant virus or viral vectors are 
obtained directly as visible clearings/plaques in the mmolayer upon lysing of virus 
producing cells. The recombinant virus may be duuacierized and expanded physically by, 
for example, PGR and Southern blot and by expression using e.g. huTM monoclonal 
antibody prepared by known procedures. The resulting replication-defective recombinant 
virus as obtained, for example, by freeze-thaw lysis of infected 293 cells, is particulariy 
effective for constitutive production of TM protein, in particular in endothelial ceUs. 
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An adenovirar vector contnict for use in the invention comprises an expression 
cassette comprising the thrombomodulin DNA in operative association with the cmv 
promoter, and a poly A sequence downstream therefrom. The expression cassette is 
introduced into the adenovirus genome by recombination of two plasmids in human 
embiyonic kidney cells (293 cell line) which prove the presence of El genes in trans and 
thus permit replication of an adenovirus vector which lacks the EI region. 

An alternative approach to targeted gene delivery is through the formation of a 
DNA-protein complex. This type of gene transfer substrate is constructed by conjugating 
the thrombomodulin gene to a polypeptide ligand for an acceptor on an endothelial cell. 

Cells or cell populations can be treated in accordance with the present invention 
in vjvQ or in vitro- For example, for purposes of in vivo treatments, thrombomodulin 
vectors of the present invention can be insetted by direct infection of cells, tissues or organs 
In site- Thus the vessels of an oigan such as a kidney can be temporarily clamped off 
in YIYQ from the blood circulation and the blood vessels perfused with a solution comprising 
a transmissible vector construct containing the subject thrombomodulin gene, for a time 
sufficient for the gene to be inserted into cells of the oigan; and, on removal of clamps, 
blood now can Aen^^ be restored to the <^ In aniother emb<xUrhent,^^c^^^^ 
can be carried out ex vivo in cultured ceils. Cell populations cairi be removed from the 
donor or patient. geneticaHy modified by insertion of vector DNA, and then implanted into 
the patient or another rectptenL Additionally, an organ can be removed from a donor, 
subjected ex YIYQ to the perfusion st^ desnibed above, and the oigan can be re-grafted into 
the donor or implanted in a different recipient who is of tfie same or a different species. 

Gmetically modified endothelial cells may be introduced e.g. m reseeded denuded 
vessels or prostheses at the site of a tnmsplanL Tissue or organs comprised thereof may 
also be removed from a donor and grafted into a recipient by well-known surgical 
procedures. Prior to implantatioiu the treated endothelial cells or tissue may be screened for 
genetically modified cells containing and expressing the construcL For this purpose, the 
vector construct can also be provided with a second nucleotide sequence encoding an 
expression product diat confers resistance to a selectable marker substance. Suitable 
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selectable markers for screening include the neo gene, conferring resistance to neomycin, or 
the neomycin analog G418. 

Ahhoug^ any mammalian cells can be targeted for insertion of the thrombomodulin 
gene, endothelial cells are the preferred cells for manipulation. The recipient species will be 
primarily but not exclusively human. Other manunals, such as primates, may be suitable 
recipients. 

An inflammatory stimulus which leads to activation of endothelial cells by serum 
factors such as TNF occurs in a wide variety of pathological conditions, including injuries, 
bums, septic shock, autoinmiune disease, allogeneic or xenotransplanution transplantation, 
surgery, etc. Further diseases include those where there is an increase in propensity for 
thrombus formation (e.g. atherosclerotic and thrombotic conditions such as ischemic heart 
disease, atherosclerosis, multiple sclerosis, intracranial tumors, thromboembolism and 
hyperlipemia, thrombophlebitis, phlebothrombosis, cerebral thrombosis, coronary thrombosis 
and retinal thrombosis), as well as those following parturition or surgical operations such as 
coronary arteiy bypass surgery, angioplasty and prosthetic heart valve implantation. 

Insofar as the preparation of the reagents, starting materials or cell lines mentioned is 
not specifically described herein, they are known and available or they, or equivalents 
thmof, may be prepared from known available products according to known procedures. 

The following Example is by way of illustration only and is not intended to be 
limitative in any respect of the invention herein described and claimed. All temperatures 
are in degrees Centigrade. 
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.f 

Mfttttiab 

Human thrombomodulin cDNA is obtained ftom the American Type Culture 
Collection (Rockvtlle, MD, USA) cloned in the EcoRI site of plasmid pUC19 to form 
pUC19TM15 (ATCC Accession No. 61348). 

Plasmid pNTK.2 is derived from pXTl [Boulter et al.. Nucleic Acids Reseatch IS 
(17) (1987) 7194» and further described in Fig. 1. 

The PA317 cell line (ATCC CRL 9078) contains an amphotropic, replication-defective 
retiovtral cbnstntct lacking in the viral packaging signal but encoding the gag» poi« and env 
protein packaging genes. 

Pig aortic end(Mhelial cells (PA EC) are purified from aorta obtained e.g. from the 
Deaconess Hospital Animal Laboratories (Boston, MA, USA). Passage 4 human umbilical 
vein endothelial cells (HUVECl originate from Children's Hospital (Boston. MA, USA). 

The PA317 cells and PAEC are maintained on DMEM media (Gibco) with 
10% heat-inactivated fetal calf serum, penicillin and streptomycin. 

Mcttods 

a. Consiraction of pNTK-2,TM.CWl 

Digestion of plasmid pUC19.TM15 with BstXI and Hindm produces a truncated 
cDNA sequence from which the 3'-untranslated regicm, including polyadenylation sites of 
the TK gene and a small segment of the adjacent pUC polylinker, are deleted. The excised 
segment is replaced by a synthetic linker of 29 nudeotsctes plus oveifaangs encoding 
intennediate Sail, EcoRl and BamHI sites, and is sdiemattcally depicted in FIG. 2b as 
pUC.TM.CWl. 

The truncated sequence TM.CW1 is cut out of pUC.TM.CWl at the Sal-I site and 
cloned into pNTK-2 as a Sail fragment fused to the Xhol site in pNTK-2 to give 
pNTK-2.TM.CWl« schematically depicted in FIG. 3. 

b. TiMSdttttipn of prodwcr cdls 

Plasmid pNTK-2.TM.CWl is linearized in the plasmid backbone with Seal, and the 
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is transduced by electroporation into PA 317 cell 



c. Control producers 

A plasmid is prepared by the methods described under a. above* except that it is 
lacking the thrombomodulin gene. This plasmid is also t ra nsduced by electroporation into 
PAS 17 cells to produce "empty** provims, ix. viral titres containing the neo gene but not the 
thrombomodulin gme. 

d« Selection and analysis of producer clones 

Neomycin selection of the transfected PA317 cells is carried out for at least 14 days 
in at least 600 Mg/ml G418 (Gibco Grand Island NY Cat. No. 1 181 1-031). The resulting 
NTK*2.TM.CW1 producer pool is sub-cloned by limiting dilution to yield 29 sub-clones. 
Supernatant from the sub-clones is harvested in the late log, eariy stationary phase and spun 
at 2000 g for 10 minutes to remove producer cells and debris, then purified in a single cycle 
of rapid freeze-thawing in liquid nitrogon. 

e. FACscan analysis 

FACscan analysis of the NTK-2.TM.CW1 producer pool is carried out using 
anti-thrombomodulin monoclonal antilxxiy llBl and conjugated secondaiy reagents 
according to the procedure described by Harlow and Lane, Antibodies: A Laboratory 
MamiaL Cold spring Harbor Laboratoiy Publication, Ch. 10 (1988). In FIG. 4a, the 
unfilled area shows producer cells incubated with the secondaiy reagent alone. The filled 
area (secondaiy reagent and 11 Bl ) ccmesponds to the level of thrombomodulin per cell, 
increasing left to rigjit The NTK-2/rM.CWl producer pool produces a medium dtre vims 
(1-2 X 10* infectious umts/ml). Anxroximateiy 80% of the NTK-2.TM.CW1 clones are 
found to be TM expressing. 10-15% of the subclones produce virus which confers G418 
resistance but not NTK-2.TM.CW1 expression (FIG. 4b). 

f. Infcctim gf 3T3 cells 

3T3 fibroblasts are infected with purified viral supernatant and selected with G418 14 
days thereafter. Of the 29 sub-clones, 22 produce vital titres on die 3T3 fibroblasts. By 
comparison, other retroviral ccmstructs containing NTK-2.TM.CW1 under the control of 
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stronger constitutive promoters, such as hereinabove described in Table 1, produce low viral 
titrcs. Selection of a single clone, AS, results in an approximate doubling of the 
transduction frequency as judged by anti-TM immunc^istochemistiy, from 30-40% to 
60-80%, respectively. 

g. Infection of PAFP 

PAEC in the log phase of growth are seeded at 0.5 - 2 x lO* cells per 
30 nun-diameter petri dish and incubated with the purified A5 supernatant in the presence 
of 8 pg/ml poiybrene surfactant over 24 hours. 

h. PAEC stimulation with bacterial endotoxin and human TNF 

Confirmation that the transduced PAEC retains susceptibility to activation is obtained 
by canying out an ELISA with anti-human TM monoclonal antibody 1A4 on PAEC clones 
treated with 100 ng/ml of bacterial cell wall lipopolysaccharide (LPS) or TNF, known cell 
activators. The cells respond to stimulation by up-regulating E-selectin, which is known to 
be up-reguiated during cellular activation. Stimulation results in some reduction of 
thrombomodulin activity, as also measured by EUSA with 1A4, which appears largely 
attributable to posttranslational mechanisms (i.e. the oxidation tendency of methionine,^ of 
the protein) rather than reduced expression. TM expression and APC production in 
response to stimulus of various cell lines with TNF is shown in FIG. 9 (error bars 
± 1 standard deviation). The activity of the endogenous TM protein expressed by HUVEC 
is essentially fully down-regulated by TNF-a, whereas human TM expressed by transduced 
PAEC is resistant to cytokine-induced down-regulation. 

i. ImmunopemTidflgg 

The transduction efficiency of expcmentially growing PAEC is determined 24 hours 
after infection by indirect imnumoperoxidase staining with antibody 1 A4. The transduced 
PAEC are washed with phosphate buffered saline (PBSX then fixed for 10 minutes with 
0.05 % glutaraldehyde at room ten^ierature. After blocking in 5 % goat serum in PBS, the 
cells are incubated for 1 hour in 2 % goat serum in PBS at room temperature with 
and-human thrombooKxiulin monoclonal 1A4 diluted 1:350; biotinylated goat anti-mouse 
andbody (Pierce 31802, diluted 1:2000) and streptavidin peroxidase (Pierce, diluted 1 
:2000). The presence of antigen was detected using aminoethyl-carbazole. Good 
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transduction frequencies aie obtained with a single round of infection using supernatant 
harvested from the AS clone. In untransduced PAEC« thrombomodulin message is 
negligable and no protein is detected. 

j. Worthcm analysis 

Total RNA is then isolated from the transduced, positive-selected PAEC by the 
guanidinium isothiocyanate / acid phenol method. FIG. 5 shows the Northern blot of RNA 
(16 h exposuie) from PAEC culture cells probed with the EcoRI fragment of 
pUC.TM.CWl; untransduced PAEC; EAhy926; NIH 3T3; and NTK-2.TM.CW1 transduced, 
positive selected NIH3T3. The lanes contain 10 pg RNA. The interpolated size of 
thrombomodulin mRNA is 3.7 kilobases. 

Two major RNA species predominate: (1) a 3-3.5 kb sequence, corresponding to the 
tk driven transcript; and (2) an approximately S3 kb sequence hybridizable with a TM 
probe and a probe for G418 resistance, evidencing transcriptional readthrough, starting with 
the LTR driven transcription and continuing from the nto gene through the tk and TM 
sequence, corresponding to a 5 -LTR to 3*LTR transcripL 

k. Nuclease SI anaiYsis 

Steady state levels of human TM-encoding mRNA are determined by SI nuclease 
imitection analysis. TMIS cloned in plasmid pKS Mli¥ at the EcoRI site is digested widi 
Pvull and Xmal to produce a 530 bp probe for SI nuclease protection. The protected 
fragments seen in the transduced cells conespond to the 260 hp fragment that would be 
expected from the EcoRI site to the Xmal site m TM15. The wild type human 
thrombomodulin yields a protected fragment 23 bp shorter. SI nuclease analysis (3 days 
exposure) of RNA from transduced cells demonstrates significant steady*state expression of 
human TM-encoding mRNA (FIG* 6). 

1. ScaidMni analYsis ftf TM cxprg»ton> 

A comparison is made between the level of expressicm of TM in transduced PAEC as 
compared with the high-expressing EAhy926 cell line* arid with human umbilical cord vein 
endothelial cells (HUVEC), which esq^iesses human TM constimtively. 

The coniparison is made by first estimating the absolute nimaber of thrombomodulin 
molecules per cell on the EAhy926 cell line since all cells should express the molecule. 
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using Scatchavd analysis with radiolabelled 1 A4. The levels of expression of the PAEC and 
EAhy926 arc of similar magnitude. In a comparative EUSA, the EAhy926 cells express an 
average of 2.5 x lO' molecules per cell, and the G418-selected NTK-2.TM.CW1 - 
transduced cells at least l.5x 10^ molecules per cell. 

m. Biological activity 

Functionality of expressed human TM is quantified by co-factor assay on confluent 
human TM-expressing PAEC, empty vector-transduced PAEC, HUVEC and EAhy926 (FIG. 
7). The cells are grown to confluence in 24-well plates. The culture medium is removed 
and wells washed with PBS. The cell cultures are incubated with 170 of the following 
substrate co*factor solution: 

0.8 ftg human Protein C (purified from pooled plasma (American Red Cioss) 
0.1 international units of bovine thrombin in Ix cofactor buffer (comprising 50 mM 
tris-HCl, pH 8.0; lOOmMNaCI; 10 niM Cad^; 0.1% BSA). 

for 60 minutes at 37" in a CO^ incubator as described in Owen, W. and Esmon, C. J. Biol, 
£bcm. 251 (1982) 859 and Freyssinet et al., Biochem, J. 228 (1986) 151. To quench the 
reaction, 3 units of leech binidin (a thrombin binder) is added to each culture. Activated 
Ptoiein C goieraied during the above incubation is assayed kinictically using the- 
chromogenic substirate, 5-2366 by ccimbiniiig 159 ^il of quenched reaction mixture and 50 ^1 
of substrate and reading the OD at 405 rim in a microplate re^ber. Activity of the 
thrombomodulin is expressed as the maximum rate of cleavage of the chromogen in mOD 
units/min. The thrombomodulin expressed by the PAEC is found able to catalyze thrombin 
mediated action of human protein C, using both bunum and bovine thrombin. By 
comparison, no significant thrombomodulin activity is detected on the imtransduced PAEC 
(FIG. 8X and less activity is seen widi the EAhy926 cell line. 

The activity of the thrombomodulin is comparable to that seen with HUVEC. 

n. Clcming stMdift^ 

A microwell in vitro clotting experiment can demonstrate that transduced PAEC 
causes an extension of clotting times when activated with human plasnu followed by 
freeze-thaw disniptim of the cells. 
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(1) GENERAL INFORMATION: 

(i) ATOJCANT: 

(A) NAME: Sandoz Ltd. 

(B) STREET: Lichtstrasse 35 

(C) Cmr : Basle 

(E) COUNTRY: Switzerland 

(F) POSTAL CODE (ZIP): CH-4002 

(G) TELEPHONE: 61-324 5269 

(H) TELEFAX: 61-322 7532 

(A) NAME: New England Deaconess Hoqrital Corporation 

(B) STREET: 185 Klgrim Road 

(C) CITY: Boston 

(D) STATE: MA 

(E) COUNTRY: U.S.A. 

(F) POSTAL CODE (ZIP): 02215 

(A) NAME: BACH, Fritz H. 

(B) STREET: 8. Blossom Lane 

(C) CFTY: Manchcster-By-The-Sea. Boston 

(D) STATE: MA 

(E) COUNTRY: U.S^ 

(F) POSTAL CODE (ZIP): 01966 

(A) NAME: WRIGHTON, Ctuistopfaer 

(B) STREET: 17. Steams Road, Unit 5 

(C) CITY: Biookline 

(D) STATE: MA 

(E) COUNTRY: U.S-A. 

(F) POSTAL CODE (ZIP): 02146 

(ii) TTTLE OF INVENTION: GENE THERAPY FOR TRANSPLANTATION AND 

INFLAMMATORY OR THRCMtdBOTIC CONDTTiONS 

(ui) NUMBER OF SEQUENCES: 1 

(iv) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: FlOK>y <Bsk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: PatentIn Release #IJ), Version #1.25 (EPO) 

(V) CURRENT APPUCATION DATA: 

AmJCATION NUMBER: WO PCT/EP 95/.-.. 

(vi) PRIOR AWUCATION DATA: 

(A) APPLICATION NUMBER: US 08/296^5 

(B) FILING DATE: 26-AUG-1994 
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(2) INFORMATION FOR SEQ ID NO: 1 : 

0) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1946 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS: double 

(D) TOPOLOGY: Unear 

(ii) MOLECULE TYPE: cDNA 

(iii) HYPOTHETICAL: NO 

(iu) ANTI-SENSE: NO 

(vi) ORIGINAL SOURCE: 

(A) ORGANISM: Homo s^qnois 

(X) PUBUCATION INFORMATION: 

(H) DOCUMBfT NUMBER: US 4*91 2*207 P 

(D FILING DATE: 06-MAY-1987 

(J) PUBUCATION DATE: 27-MAR-1990 
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1. A method of genetically modifying mammalian ceils to render them less susceptible to 
an inflammatoiy or immunological stimulus, comprising inserting therein, or in the 
progenitors thereof, ONA encoding functional thrombomodulin protein in operative 
association with a suitable promoter, whereby thrombomodulin is expressed under 
endothelial cellular activating conditions. 

2. A method of inhibiting thrombosis in a mammalian subject susceptible to an 
inflammatory or inmiune stimulus which comprises inserting into cells, tissue or an organ of 
the subject, DNA encoding thrombomodulin in operative association with a promoter, 
whereby functional thrombomodulin is expressed from these modified cells in the presence 
of cellular activating factors. 

3. The method of claim 1 or 2 in which the DNA encoding mammalian thrombomodulin 
is inserted into endothelial cells or tissue. 

4. The iiiethod of claim 3 in which the DNA encc^ 

5. The method of claim 4 in which the DNA encoding thrombomodulin is in operative 
association with a constitutive promoter. 

6. The method of claim 4 in whidi the DNA encoding dmimbomodulin is in operative 
association with a regulable and/or inducible promoter. 

7. The method of claun 1 or 2 in which the DNA encoding thrombomodulin is in 
operative association with the diymidine kinase promoter. 

8. The method of claim I or 2 in which the DNA encoding thrombomodulin is in 
operative association with both the thymidine kinase promoter and a retroviral 5 -long 
terminal repeat DNA sequence, this repeat sequence being located upstream from die 
thjrmidine kinase pnmioter. 
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9. The method 6f claim 1 or 2 in which a retroviral 3'-Iong terminal repeat DN A sequence 
is downstream from the DNA encoding thrombomodulin. 

10. The method of claim 1 or 2 in which the DNA encoding thrombomodulin is in 
operative association with the cmv promoter. 

11. A method of transplanting donor allogeneic or xenogeneic endothelial cells* or tissue or 
organs containing endothelial cells to a mammalian recipient in whom such cells, tissue or 
organ are subject to inflammatory or itimiune activation, which comprises: 

(a) genetically modifying these donor cells or progenitor cells thereof or tissue or organ by 
inserting therein DNA encoding thrombomodulin under the control of a promoter, 

(b) implanting the resultant modified donor cells, tissue or organ into the recipient; and 

(c) allowing expression from the resultant modified cells, tissue or organ of functionally 
active thrombomodulin. 

12. The method of claim 11 in which DNA encoding human thrombomodulin is inserted 
into the donor cells or tissue and the recipient is a human. 

13. The method of claim 12 in which the dcmor cells or tissue are of a non-human 
mammaL 

14. The methcxi of claim 13 in which the DNA encoding thrombomodulin is in operative 
association with a constitutive promoter. 

15. The method of claim 13 in which the DNA encoding thrombomodulin is in operative 
association with a regulable and/or inducible promoter. 

16. The method of claim 13 in whfeh the DNA encoding thrombomodulin is in operative 
association with the thymidine kinase promoter. 
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17. The methcxi of claim 16 in which the DNA encoding thrombomodulin is in operative 
association with both the thymidine kinase promoter and a retroviral S*-long terminal repeat 
DNA sequence* the repeat sequence being located upstream of the thymidine kinase 
promoter. 

18. The method of claim 17 in which a retroviral 3'-long terminal repeat DNA sequence is 
downstream from the DNA encoding thrombomodulin. 

19. The method of claim 13 in which the DNA encoding thrombomodulin is in operative 
association with the cmv promoti^. 



20. A retroviral construct which comprises: 

(a) a 5'-long terminal repeat (LTR) of a retrovirus; 

(b) a retroviral packaging signal downstream from the LTR; 

(c) DNA encoding thrombomodulin in operative association with the Herpes simplex 
thymidine kinase promoter downstream from the LTR; 

(d) a 3*4ong terminal repeat. 

21. Graftable mammalian endothelial cells, tissue or organs comprising DNA encoding 
thrombomodulin under the control of a constitutive, or a regulable and/or inducible 
promoter. 

22. The endothelial cells, tissue a organs of claim 21 of a donor manomalian species, the 
cdls, tissue or organs being modified to express thrombomodulin of a graft recipient species 
which is a different manmudian species as the donor. 

23. The cells, tissue or organs of claim 22 wherein the donor martmialian species is porcine 
and the graft recipient is human. 
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24. A nGm-human transgenic mammal comprising DNA encoding thrombomodulin of a 
different species. 

75, The tiansgenic mammal of claim 24 which is a pig or a mouse and in which the DNA 
encodes human thrombomodulin. 
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